Said HM, Mee L, Sekar VT, Ashokkumar B, Pandol SJ. Mechanism and regulation of folate uptake by pancreatic acinar cells: effect of chronic alcohol consumption. Am J Physiol Gastrointest Liver Physiol 298: G985-G993, 2010. First published April 1, 2010; doi:10.1152/ajpgi.00068.2010.-Folate plays an essential role in onecarbon metabolism, and a relationship exists between methyl group metabolism and pancreatic exocrine function. Little, however, is known about the mechanism(s) and regulation of folate uptake by pancreatic acinar cells and the effect of chronic alcohol use on the process. We addressed these issues using the rat-derived pancreatic acinar cell line AR42J and freshly isolated primary rat pancreatic acinar cells as models. We found [
its normal exocrine function and health. A reduction in amylase secretion, appearance of immature secretory granules in pancreatic cells, and disappearance of secreted materials in the pancreatic duct as well as disturbances in methyl metabolism (with a significant reduction in S-adenosylmethionine-to-Sadenosylhomocysteine ratio) have all been observed in rats rendered folate deficient (3) (4) (5) . Other studies have suggested that disturbances in the folate-dependent methyl group metabolism in the pancreas contribute to the pathogenesis of several pancreatic disorders (reviewed in Ref. 15) and that an inverse relationship exists between serum folate level and the risk of human pancreatic cancer (25) . Despite the importance of folate for the normal physiology and health of the exocrine pancreas, there is little known about the mechanism(s) of folate uptake by pancreatic acinar cells and its regulation.
Chronic alcohol use is often associated with folate deficiency and is a major cause of acute and chronic pancreatitis (7) . The mechanism(s) by which chronic alcohol consumption negatively affect pancreatic physiology and health is not fully understood but appears to be multifactorial and may include an increase in the predisposition of the pancreas to stress conditions and injurious agents that leads to alteration in the resting state of the pancreas and reduction in its defense mechanisms (7, 10, 16, 19, 20) . A negative effect(s) of chronic alcohol consumption on pancreatic folate physiology (and homeostasis) may be such a contributing factor, but little is known about the effect of chronic alcohol consumption on folate uptake by pancreatic acinar cells.
Our aims in this investigation were to delineate the mechanism(s) involved in folate uptake by pancreatic acinar cells and its regulation, as well as to examine the effect of chronic alcohol feeding on the uptake process. We used both cultured rat-derived pancreatic acinar AR42J cells and freshly isolated primary rat acinar cells as models in our investigations. The results showed the involvement of carrier-mediated processes for folate uptake by pancreatic acinar cells. In addition, both of the major folate uptake systems [reduced folate carrier (RFC) and proton-coupled folate transporter (PCFT)] were found to be expressed in pancreatic acinar cells as well as in native human pancreas with expression of the former being higher than the latter. Furthermore, the pancreatic acinar folate uptake process was adaptively regulated by the prevailing extracellular substrate level and appeared to be under the regulation of an intracellular cAMP/PKA-mediated pathway. Moreover, chronic alcohol feeding resulted in a significant inhibition in folate uptake by pancreatic acinar cells, an effect that was associated with a marked reduction in the level of expression of RFC and PCFT.
MATERIALS AND METHODS
[ 3 H]Folic acid (specific activity 10 pmol GBq/mmol; radiochemical purity Ͼ98%) was obtained from Moravek Biochemicals (Brea, CA). TRIzol reagent was purchased from Life Technologies (Rockville, MD). DNA oligonucleotide primers were from Sigma Genosys (The Woodlands, TX). All chemicals, routine reagents, and kits were of the analytical or molecular biology grade.
Cell culture and uptake studies. Rat-derived pancreatic acinar AR42J cells were obtained from American Type Tissue Collection, ATCC (Rockville, MD) and cultured in Kaighn's F12-K growth medium containing 20% FBS. Cells were used between passages of 20 to 35. Prior to use for uptake studies, AR42J cells were cultured in a growth medium containing 100 nM dexamethasone for 48 h in order achieve maximum differentiation of cells (14) . Uptake was measured at 37°C (unless otherwise stated) in cells suspended in Krebs-Ringer buffer (in mM: 133 NaCl, 4.93 KCl, 1.23 MgSO 4, 0.85 CaCl2, 5 glucose, 5 glutamine, 10 HEPES, and 10 MES; pH adjusted as indicated). Labeled (and unlabeled) folic acid was added to the incubation medium at the onset of incubation. At the end of reaction, cell suspension was placed on nitrocellulose filters under negative pressure, washed with 5 ml of ice-cold buffer, and dissolved in scintillation fluid, and radioactivity was counted in a liquid scintillation counter. Protein content of cell digests were measured with a Bio-Rad Dc protein assay kit.
Isolation of rat primary pancreatic acinar cells. Pancreatic acinar cells were isolated from Sprague-Dawley rats (100 -150 g) by a collagenase digestion method as described previously (6, 8) with minor modifications that included reducing the exposure period of the pancreas to collagenase (type IV) digestion. Isolated acinar cells were suspended in Krebs-Ringer buffer and uptake was performed within 1 h of isolation. Trypan blue exclusion was used to test viability of the isolated acinar cells from control and alcohol fed rats with viability estimated at greater than 90% in both cases.
Chronic alcohol feeding of rats. Adult male rats (100 -150 g) were housed at the Animal Core of the Research Center for Alcohol Liver and Pancreatic Diseases at the University of Southern California, Los Angeles, CA. Animal use committee of both the University of Southern California and the Long Beach VA Medical Center approved the experimental protocols. Rats were fed for 4 wk the Lieber-DeCarli alcohol liquid diet (ethanol provided 36% of total ingested calories; 5 g of ethanol/dl diet; Bio Serv, French Town, NJ) (12) . Control rats were pair fed the same liquid diet but without alcohol (maltose-dextrin isocalorically replaced ethanol). Each rat was euthanized at the time of study and the pancreas was removed and processed immediately for isolation of pancreatic acinar cells.
Real-time and semiquantitative RT-PCR analysis. Five micrograms of total RNA isolated from AR42J cells and primary rat pancreatic acinar cells, as well as human pancreatic RNA obtained from Clontech (Palo Alto, CA) were used for the first-strand cDNA synthesis via an Invitrogen Superscript synthesis system (Invitrogen, CA). Gene specific primers used in real-time and semiquantitative PCR analysis are shown in Table 1 . The conditions for real-time and semiquantitative PCR were followed as described previously (13, 22) . For realtime quantitative PCR, a SYBR green PCR kit (Qiagen, Valencia, CA) was utilized. Data was normalized relative to 18S rRNA or ␤-actin and calculated by a relative relationship method supplied by iCycler (Bio-Rad, Hercules, CA). The semiquantitative PCR products were analyzed on 2% agarose gels, the images were captured using GelDoc system (Bio-Rad), and bands were quantified by using UN-SCAN-IT software (Silk Scientific, Orem, UT). The specific bands for RFC and PCFT were normalized relative to their respective 18S rRNA.
Western blot analysis. Western blot analysis was performed with membranous fractions isolated from pancreatic acinar AR42J or primary cells as described before (2, 26) . Fifteen micrograms of membranous protein was treated with Laemmli buffer, resolved on a 4 -12% Tris-Bis gel (Invitrogen), and electroblotted onto polyvinylidene difluoride membrane. Membranes were blocked with 5% dried milk in PBS-Tween 20 and incubated with either anti-rat RFC-specific polyclonal antibody (1:2,) or anti-rat PCFT-specific polyclonal antibody (1:2,) (Thermo Fisher Scientific, Huntsville, AL). Blots were washed twice with PBS-Tween 20 buffer (Sigma), and immunodetection was performed with anti-rabbit IgG conjugated with horseradish peroxidase (1:3,) (Santa Cruz Biotechnology, Santa Cruz, CA) by use of an enhanced chemiluminescence detection system (Amersham, Arlington Heights, IL). The respective blots were stripped by use of reblot solution (Chemicon, Temecula, CA) and reprobed with anti-GAPDH antibody as described above.
Data presentation and statistical analysis. Uptake data are means Ϯ SE of multiple individual determinations and are expressed in picomoles or femtomoles per milligram protein per unit time. The Student's t-test and ANOVA were used for statistical analysis. P Ͻ 0.05 was considered statistically significant. Uptake by the saturable component of folic acid was determined by subtracting uptake by simple diffusion from the total uptake at each folic acid concentration examined. Uptake by simple diffusion was calculated from the slope of the line between uptake at high pharmacological concentration (1 mM) and the point of origin. Kinetic parameters of the saturable folic acid uptake process [i.e., maximal velocity (Vmax) and the apparent Km] were calculated as described by Wilkinson (29) . All semiquantitative PCR determinations were performed on at least three separate occasions. Figure 1 shows uptake of folic acid (10 nM) by pancreatic acinar AR42J cells as a function of time at buffer pH 7.4 and 6.0. Uptake was linear for 5 min of incubation and uptake was higher at buffer pH 6.0 than 7.4 and occurred at a rate of 9.48 and 6.04 fmol/mg protein, respectively. A 5-min incubation period was used as the standard incubation time in all subsequent experiments. A more detailed pH profile of the initial rate of folic acid (10 nM) uptake by AR42J cells is shown in Fig. 2 . Effect of buffer pH on uptake of folic acid (10 nM) by freshly isolated rat primary pancreatic acinar cells was also examined and again found to be significantly (P Ͻ 0.01) higher at buffer pH 6.0 than 7.4 (46.77 Ϯ 1.98 and 26.83 Ϯ 3.9 fmol·mg protein Ϫ1 ·5 min Ϫ1 , respectively).
RESULTS

General characteristics of folic acid uptake by rat pancreatic acinar AR42J and freshly isolated primary cells.
Initial rate of uptake of folic acid (10 nM) by AR42J cells was also examined as a function of incubation temperature at both buffer pH 7.4 and 6.0. At both pH values, uptake was markedly decreased as a function of lowering the incubation temperature from 37 to 22 and 4°C (Fig. 3) .
We also investigated the role of Na ϩ in the incubation medium on the initial rate of folic acid (10 nM) uptake by AR42J cells. The results showed similar folic acid uptake in the presence and absence of Na ϩ and at both pH 7.4 and 6.0 (Li ϩ isoosmotically replaced Na ϩ in the incubation medium) (uptake at buffer pH 7.4 was 11.60 Ϯ 0.63 and 10.50 Ϯ 0.49 fmol·mg protein
Ϫ1
·5 min
Ϫ1 ; uptake at buffer pH 6.0 was 20.96 Ϯ 0.71 and 20.40 Ϯ 1.02 fmol·mg protein Ϫ1 ·5 min Ϫ1 in the presence and absence of Na ϩ , respectively).
Functional evidence for existence of carrier-mediated mechanism(s) for folic acid uptake by rat pancreatic acinar AR42J
and primary cells. We examined the initial rate of folic acid uptake by AR42J cells as a function of concentration (0.1-10 M) in the incubation medium at both buffer pH 7.4 and 6.0. The results showed saturation in the substrate uptake at both pH values (Fig. 4) 
·5 min
Ϫ1 , respectively. These findings provide functional evidence for existence of carrier-mediated processes for folic acid uptake at pH 7.4 and 6.0.
We also examined the effect of the folic acid structural analogs methotrexate (MTX) and 5-methyltetrahydrofolate (5-MTHF) (both at 100 M) on the initial rate of values. In another study, we examined the ability of unlabeled folic acid to induce efflux of [ , demonstrating a trans-stimulation in the vitamin movement across pancreatic acinar cell membrane. These observations provide further functional evidence for the involvement of carrier-mediated processes in folic acid uptake at acidic and at neutral/alkaline buffer pH.
In a related study we examined the effect of unlabeled folic acid (1 mM) on [ 3 H]folic acid (10 nM) uptake by freshly isolated rat primary pancreatic acinar cells and found a significant (P Ͻ 0.01) inhibition at buffer pH 7.4 and 6.0 (uptake at pH 7.4 was 31.5 Ϯ 1.6 and 4. 
Finally, we examined the effect of the membrane transport inhibitors DIDS and SITS (both at 0.5 mM) on the initial rate of folic acid (10 nM) uptake by AR42J cells. The study was performed at both buffer pH 7.4 and 6.0. Both DIDS and SITS resulted in a significant (P Ͻ
Ϫ1 , respectively, for control and in cells pretreated with DIDS and SITS, respectively).
Molecular aspects of folic acid uptake process in rat pancreatic acinar AR42J and primary cells as well as in native human pancreas. Three main transport mechanisms have been identified for folate uptake by mammalian cells: the transmembrane RFC, which operates optimally at neutral/alkaline pH (24, 28), the transmembrane PCFT, which operates optimally at acidic pH (9, 18, 21) , and the membrane anchored (via a glycosyl phosphatidyl-inositol linkage) folate receptor (FR) (1, 23) . In this study, we examined mRNA expression of these folate transport systems in rat pancreatic acinar AR42J and primary cells. Expression was examined by mean of real-time PCR using total RNA and gene-specific primers corresponding to sequences in the open-reading frame of rat RFC, PCFT, and FR (MATERIALS AND METHODS; Table 1 ). The results showed that both RFC and PCFT are expressed in rat AR42J and primary pancreatic acinar cells (Fig. 6, A and B) , with expression of the former being significantly (P Ͻ 0.01 for both) higher than that of the latter. However, no expression for the FR was detected in both of these cell types, confirming previous immunological observations (27) .
We also examined mRNA expression of RFC and PCFT in human pancreas RNA. We assumed that mRNA prepared from whole human pancreas is a representative of the overall level of acinar cell transcripts since this cell type makes up the majority (80 -85%) of cells in this tissue. The results (Fig. 6C) showed expression of both RFC and PCFT with expression of the former again being significantly (P Ͻ 0.01) higher than that of the latter (Fig. 6C) .
Regulation of the folic acid uptake process of pancreatic acinar cells: adaptive regulation by substrate level. The effect of maintaining the pancreatic acinar AR42J cells (for 6 -8 days) in folate deficient (0.03 M) compared with control (9 M) growth media on initial rate of folic acid uptake was examined. The results showed a significant (P Ͻ 0.01) induction in [ 3 H]folic acid (10 nM) uptake in cells maintained in a folate-deficient medium compared with those maintained in control growth medium (Fig. 7) . This effect of extracellular folate level on folate uptake by AR42J cells was seen whether the substrate uptake was measured at buffer pH 7.4 or 6.0 (Fig.  7, A and B) . We also examined the effect of changing the extracellular folate level on expression of RFC and PCFT at the mRNA and protein levels. Results of the quantitative PCR showed a significant (P Ͻ 0.05 for both) increase in RFC and PCFT mRNA levels in cells maintained under folate-deficient condition compared with controls (Fig. 8A) . Results of Western blot analysis showed a marked induction in the level of RFC and PCFT proteins in cells maintained in folate-deficient growth medium compared with those maintained in control growth medium (Fig. 8B) . Maintaining AR42J in a growth medium oversupplemented with folate (100 M) caused a marked inhibition in initial rate of [ 3 H]folic acid (10 nM) uptake as well as in the level of expression of RFC and PCFT compared with cells maintained in control growth medium (data not shown).
Role of intracellular regulatory pathways. Involvement of specific intracellular regulatory pathways [protein tyrosine kinase (PTK) and protein kinase A (PKA)] in the regulation of folate uptake by pancreatic acinar AR42J cells was investigated by examining the effect of pretreating (for 1 h) these cells with different concentrations of specific modulators of the respective pathways on initial rate of folic acid (10 nM) uptake. The results showed that whereas modulators of the PTKmediated pathway did not affect folic acid uptake (data not shown), modulators of the cAMP/PKA-mediated pathway caused a significant (P Ͻ 0.01 for both) inhibition in folic acid uptake at both buffer pH 7.4 and 6.0 (uptake at pH 7.4 was 13.76 Ϯ 2.42, 2.52 Ϯ 1.4, and 7.15 Ϯ 1.5 fmol·mg protein Ϫ1 ·5 min Ϫ1 , respectively; uptake at pH 6.0 was 24.8 Ϯ 0.91, 5.2 Ϯ 2.1, and 8.9 Ϯ 3.0 fmol·mg protein Ϫ1 ·5 min Ϫ1 , for control and in the presence of 5 mM of dibutyryl cAMP and 8-bromocyclic AMP, respectively).
Effect of chronic alcohol feeding of rats on folate uptake by freshly isolated primary pancreatic acinar cells. An important aim of this study was to examine the effect of chronic alcohol feeding on folate uptake by pancreatic acinar cells. Thus, following the characterization of the folate uptake process by these cells, we examined the effect of chronic alcohol feeding of rats (for 4 wk; see MATERIALS AND METHODS) on folic acid (10 nM) uptake by freshly isolated primary pancreatic acinar cells at buffer pH 7.4 and 6.0. Data were compared with folic acid 6 . Expression of reduced folate carrier (RFC) and proton-coupled folate transporter (PCFT) at the mRNA level in cultured rat-derived pancreatic acinar AR42J cells (A), primary rat pancreatic acinar cells (B), and native human pancreas (C). Real-time PCR was performed using gene specific primers for rat and human RFC and PCFT (see Table 1 ) as described in MATERIALS AND METHODS. Data were normalized relative to ␤-actin. Experiments were run on 3 different occasions. Data are presented as percentage relative to RFC expression. *P Ͻ 0.01. uptake by pancreatic acinar cells isolated simultaneously from pair-fed control rats. The results showed a significantly (P Ͻ 0.01 for both) lower carrier-mediated folic acid uptake by pancreatic acinar cells isolated from chronic alcohol fed rats compared with those isolated from pair-fed controls (Fig. 9) .
We also examined the effect of chronic alcohol feeding on level of expression of RFC and PCFT mRNA in pancreatic acinar cells. Results of our semiquantitative PCR (normalized to the house keeping gene 18S rRNA) showed a significantly (P Ͻ 0.01 for both) lower level of expression of RFC and PCFT mRNA in acinar cells isolated from chronic alcohol fed rats compared with those isolated from pair-fed controls (Fig. 10) .
DISCUSSION
Folate is important for the normal function of the exocrine pancreas and a relationship exists between methyl group metabolism (a folate-dependent event) and this function of the pancreas (3-6, 15) . Indeed folate deficiency leads to disturbance in methyl metabolism and a reduction in pancreatic exocrine secretions (3) (4) (5) . Despite the importance of folate for the exocrine pancreas, little was known about the mechanism(s) involved in folate uptake by pancreatic acinar cells and its regulation. Little is also known about the effect of chronic alcohol consumption on folate uptake by these cells. Addressing the latter issue is important since chronic alcohol consumption is a major cause of pancreatitis and since a negative effect of chronic alcohol use on pancreatic folate uptake may lead to impairment in pancreatic acini folate homeostasis and disturbance of normal methyl metabolism (3, 15, 25) . We addressed these issues using the rat-derived pancreatic acinar cells AR42J and freshly isolated rat primary acinar cells as models.
Our results showed that whereas folic acid uptake by pancreatic acinar cells at buffer pH 7.4 is considerable, a significant increase in this uptake occurs at pH 6.0. This increase in folic acid uptake at acidic compared with neutral/alkaline pH, however, was less dramatic than that seen in other epithelial cells of the digestive system, such as the pancreatic duct, where folate uptake at buffer pH 7.4 was less than 5% of the uptake Fig. 8 . Effect of maintaining pancreatic acinar AR42J cells in a culture medium with different concentrations of folic acid on level of expression of RFC and PCFT mRNA (A) and protein (B). A: semiquantitative PCR was performed using RNA samples from cells maintained in folate-deficient (contains 0.03 M folate) or control (contains 9 M folate) growth medium and gene-specific primers for rat (r)RFC, PCFT, and 18S rRNA. The products were resolved on a 2% agarose gel. Level of mRNA expression for RFC and PCFT were normalized relative to 18S rRNA and expressed as percentage relative to simultaneously performed control. Inset is from a representative gel of 3 separate runs. *P Ͻ 0.05; **P Ͻ 0.01. B: Western blotting was performed by using specific anti-rRFC and anti-rPCFT polyclonal antibodies and membranous fractions (30 g) of AR42J cells maintained in folate-deficient or control growth medium as describe in MATERIALS AND METHODS. Western blotting were run on 2 separate occasions by use of different membranous preparations, and a representative set is shown.
at the more acidic pH 6.0 (17) . Uptake of folic acid by pancreatic acinar cells was also found to be highly temperature dependent at both buffer pH 7.4 and 6.0, an observation that argues against the involvement of simple diffusion as a mechanism for uptake. This suggestion was supported by findings of saturation in the initial rate of folic acid uptake as a function of concentration at both buffer pH 7.4 and 6.0, findings that support the involvement of carrier-mediated mechanisms at both pH conditions. The ability of unlabeled folic acid and its structural analogs MTX and 5-MTHF, as well as the ability of the anion transport inhibitors DIDS and SITS to significantly inhibit [ 3 H]folic acid uptake at both buffer pH 7.4 and 6.0, provide further functional evidence for the involvement of carrier-mediated mechanisms in the vitamin uptake by pancreatic acinar cells at acidic as well as alkaline and neutral pH conditions.
Based on the above functional data, we set out to determine the expression of the three main known folate uptake systems, i.e., RFC, PCFT, and FR, in pancreatic acinar cells. The results showed expression of both of the main transmembrane transporters (RFC and PCFT), whereas the membrane-anchored FR was not detected. Furthermore, RFC was expressed at a significantly higher level than PCFT. Similarly, human pancreas was found to express RFC and PCFT with expression of the former being higher than that of the latter. Since RFC is known to function optimally at pH 7.4 (with much less activity at acidic pH values; Refs. 24, 28), whereas PCFT is known to function optimally at acidic pH values (with much less activity at neutral/alkaline pH values; Refs. 9, 18, 21) , it may be reasonable to assume that folate uptake by pancreatic acinar cells at pH 7.4 is mediated mainly by RFC and that at pH 6.0 it is mediated mainly by the PCFT. Further studies are needed to confirm this assumption and to establish which of these system(s) is mainly utilized under normal physiological conditions in vivo.
Following the delineation of mechanism of folic acid uptake by pancreatic acinar cells, we examined possible adaptive regulation of the uptake process by extracellular folate level. Our results showed that maintaining pancreatic acinar AR42J cells in a folate-deficient medium leads to a significant upregulation in the initial rate of [ 3 H]folic acid uptake. This adaptive response in the pancreatic acinar cells folate uptake process was observed at both buffer pH 7.4 and 6.0, and was associated with parallel changes in the level of expression of RFC and PCFT at the protein and mRNA levels. The observed change in message level of the folate transporters in response to the change in extracellular folate level raises the possibility of involvement of a transcriptional mechanism(s), as has been observed in our laboratory with other cell types (2, 26) . Further studies, however, are needed to investigate this possibility.
We also examined possible regulation of the folate uptake process of pancreatic acinar cells by specific intracellular regulatory mechanisms. We focused on possible role of the cAMP/PKA-and the PTK-mediated pathways since these two pathways were reported to play a role in regulating folate uptake by other cells (11, 17) . The results showed that whereas modulators of cAMP/PKA-mediated pathway cause significant inhibition in folate uptake (and at both buffer pH 7.4 and 6.0), modulators of the PTK-mediated pathway failed to affect the uptake process. Since the cAMP/PKA-mediated regulatory pathway affects folate uptake in other cell types (11, 17) , it may be reasonable to assume that this pathway is a common regulatory pathway used by mammalian cells to regulate folate uptake. On the other hand, the inability of specific modulators of the PTK-mediated pathway to affect folate uptake by pancreatic acinar cells, although they inhibit folate uptake by other cell types (11) , suggests that this pathway may be used in a cell-specific manner to regulate folate uptake.
We also examined the effect of chronic alcohol feeding on folate uptake by freshly isolated rat pancreatic acinar cells. A pair-feeding regimen with alcohol and control liquid diets (for 4 wk) was followed. Our results showed a significantly lower folic acid uptake by pancreatic acinar cells isolated from alcohol-fed rats compared with those isolated from pair-fed controls. This decrease in folic acid uptake was associated with a marked reduction in the level of expression of both RFC and PCFT. The reduction in the level of expression of RFC in pancreatic acinar cells of alcohol fed rats is in line with previously published microarray data (10) . In the microarray study (10) , chronic alcohol consumption was also shown to stimulate the expression of many genes including those responsible for transport of other substrates. These findings demonstrate the diverse effects that chronic alcohol feeding has on mammalian gene expression. The observed reduction in mRNA levels of RFC and PCFT in pancreatic acinar cells of alcohol fed rats raises the possibility that the effect may be (at least in part) exerted at the transcriptional level and/or mediated via alteration of mRNA stability of the affected transporters; Further studies, however, are needed to confirm this suggestion. The observed inhibition in folate uptake by pancreatic acinar cells in chronic alcohol feeding may lead to a disturbance in folate homeostasis in pancreatic acinar cells, which in turn may lead to a disturbance in normal methyl metabolism. Disturbance in this metabolic pathway is believed to play a role in the pathogenesis of several pancreatic diseases including pancreatitis (15) .
In summary, our findings show the involvement of carriermediated mechanisms in folate uptake by pancreatic acinar cells, which may involve the folate transporters RFC and PCFT. In addition, the uptake process appears to be adaptively regulated by extracellular substrate level and by an intracellular cAMP/PKA-mediated pathway. Furthermore, chronic alcohol feeding leads to a significant inhibition in folic acid uptake by pancreatic acinar cells, an effect that is associated with marked decrease in level of expression of both RFC and PCFT.
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